Purpose: Considering the high prevalence of dynamic valgus and its impact on sports performance among the female athletes, the present study aimed to examine the effect of a course of selective plyometric training on the lower extremity functional performance indexes of female athletes with dynamic knee valgus.
Introduction
ne of the standard techniques in physical activities is the jump-landing technique that is also the common cause of Anterior Cruciate Ligament (ACL) injury. During landing, nonalignment may occur in the lower limb that is potentially due to the inefficient control of body musculoskeletal system [1] . The type of landing technique and the way each person absorb energy during landing can contribute to the incidence of ACL injury [2] . Dynamic Knee Valgus (DKV) is one of the common types of risk factors known for acute injuries and frequent use of lower extremities. In other words, it reflects the altered hip, knee, and ankle kinematics in wrong patterns of the lower limb use [3] .
The control of the neuromuscular system involves the interaction between the nervous and muscular systems of the body and their components to adapt to environmental changes. Timely activation of the muscular structure can protect the joints in response to environmental stimuli, such as changes in landing surfaces [4] . The feedback mechanism allows the body to adapt to different unpredictable events by modifying muscle activity. The body also employs previous experiences to predict future events by using the feed-forward mechanism. This mechanism allows the body to prepare itself for an unexpected event. The proper activation of muscle fibers by providing the desired stiffness, as a dynamic and preventive factor, influences the undesirable loading of ACL [5] .
According to studies, non-contact ACL injury usually occurs from 17 to 50 ms after initial ground contact. This time is too short to provide proper response feedback for correcting the wrong landing mechanics. Therefore, the importance of preparatory or feed-forwarding mechanisms becomes more evident [6] . Physical exercises and experience of an athlete correlate with the use of neuromuscular strategies and their landing technique. Therefore, the inability to respond on time during dynamic activities is associated with poor landing technique and the risk of ACL injury [2] .
Men and women have different neuromuscular control strategy according to their assignment; women tend to activate more quadriceps muscles than men during tasks such as lunge maneuver [7] . Researchers examined the differences between activation ratios of the medial and lateral quadriceps in men and women after a pseudo dangerous task. They found that women activated the lateral side quadriceps more while men used a balanced ratio in activating the lateral and medial part of the quadriceps.
The unbalanced ratio of muscle activation between medial and lateral quadriceps, especially the higher activation of the lateral part, may cause higher anterior shear force and knee valgus that contributes to ACL injury [8] . According to a recent study, women with knee valgus have different gait biomechanics during dynamic activities. They showed lower knee abduction moment and knee adduction angle compared to the control. This difference can increase lateral tibiofemoral joint loading [9] .
It seems that minimizing the loading of valgus can be useful in reducing the incidence of ACL. So far, many scholars have investigated the effects of ACL injury prevention exercises on the performance and neuromuscular variables of the lower extremity. However, the effect of interventional exercises on people with knee valgus, as one of the most critical risk factors for ACL injury, has been less studied.
It seems that plyometric training programs by focusing on the knee alignment and improving the landing techniques during dynamic activities, reduce the angle of knee valgus and the ground reaction forces [10, 11] . On the other hand, this training improves feedback and feedforward activities simultaneous with matching mus-
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• The selected plyometric training significantly improved Sargent and Illinois jumping tests.
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Plain Language Summary
To improve the skill level of athletes, researchers always seek innovative and efficient training programs and methods. This study is presenting one of the new techniques.
cle and joint receptors by applying fast forces [12] . Scholars and trainers have always sought to design effective training programs and modern methods to improve the skill level of athletes.
Meanwhile, the use of specific exercises such as plyometric training as an appropriate tool for improving physical and motor fitness, has drawn the attention of researchers. These exercises are designed to increase the sensitivity of the neuromuscular system by applying multiple stretching and acute shortening in muscles and tendons. It is believed that the effect of plyometric training is because of neuromuscular adaptation to motor unit recruitment or discharge frequency, increased feedback potential or changes in the elastic properties of the muscle [13] .
Given what was discussed, it is not possible to determine which types of exercises are more effective in changing biomechanical variables, and most studies have evaluated the effectiveness of plyometric training in combination with other exercises. Few studies have investigated the effect of this training on reducing the risk factors of ACL injury, and to the best of our knowledge, there is no study on the effects of this training by performing appropriate screening and purposive selection of subjects. In this regard, this study attempted to evaluate the effect of one course of selective plyometric training on the functional performance of lower extremities of female athletes with DKV.
Materials and Methods
This research is a quasi-experimental study with pretest-post-test design and a control group. Study samples were 26 female athletes with DKV referred to sports halls of Bu-Ali Sina University in Hamedan, Iran in 2018. They were selected with purposive sampling technique and then randomly assigned to two groups of experimental (n=14) and control (n=12). To determine the sample size, G*Power software was used by considering 95% confidence interval, 80% test power, and a significance level of 0.05, which yielded 12 samples for each group [11] .
Considering the possible sample dropout, 14 subjects were determined for each group. The inclusion criteria were being 18-28 years old, having DKV angle >12° [14] , and reporting a history of performing regular sport activity for at least two years. The exclusion criteria were having a history of mechanical back pain in the past year, reporting a history of any injury in the past six months, experiencing knee and ankle injury and surgery, unwilling to cooperate during study and absence in two consecutive sessions of the interventional program.
After explaining the study objectives and method to the participants, a written consent form was signed by them.
After identifying those with DKV and completing the demographic form by the examiner, the height and weight of the subjects were measured by the examiner using a stadiometer and a scale. At baseline (pre-test phase), they all examined by the Y-Balance Test (YBT), Vertical Jump Test (VJT), and Illinois Agility Test (IAT). The control subjects continued their daily routine without performing any special exercises and without knowing the condition of other subjects. The subjects in the experimental group participated in the training program for 8 weeks (three sessions per week, each session for 45 min) under the direct supervision of the examiner. We used the training protocol used by de Marche Baldon et al. [11] . After 8 weeks, all participants again were assessed similar to the pre-test phase.
To identify DKV, single-leg landing test was used [15] . For this purpose, the subject was asked to stand with a balanced condition on a box with a height of 40cm, while her dominant foot was on the air (the heel was in contact with the front edge of the box) and the weight was fully tolerated by the non-dominant foot. With the examiner's command, the subject landed on the dominant leg vertically and balanced, without bending, lowering the trunk and jumping, and then maintained the position for 5 seconds. Before the test, the subjects were educated on the correct way of doing the test. After learning the test, every subject performed 3 landing trials with a 30-s interval [16] .
The test has acceptable reliability for detecting DKV that has been reported as 0.88-0.91 by Munro et al. [17] . The DKV was considered present when the examiner visually observed from the front view that the midpoint of the superior patella of the dominant leg passed the medial part of the great toe during the three trials. DKV patients were those who had knee valgus at their dominant leg during the one-leg landing test, and their knee valgus was corrected when lifting the heel. Before the test, each participant performed the warm-up exercises for 5 min and during the test, no feedbacks were given to correct the knee valgus.
For assessing dynamic balance, the YBT was used [18, 19] . The intra-rater reliability of this test ranges from 0.85 to 0.91; its inter-rater reliability is 0.99, and its composite reach score reliability ranges from 0.91 to 0.99 [20] . In this test, one should maintain the balance on one foot without involving the base of support and losing the balance while trying to reach three defined directions with the other foot as far as possible. The goal of reaching is to maintain a position by creating maximum excursion with the ability to return to the previous state. Three attempts in each direction with 15 s rest between each attempt were performed by each subject, and the overall score was normalized by dividing the obtained score (cm) by the subject's leg length (cm).
Sargent test or VJT was used for measuring lower limb strength. Many athletes need lower limb explosive power to jump from the ground up to the maximum height [21] . Because of the characteristics of some sports that are associated with multiple jumps, this test was used to assess the lower extremity strength and physical performance of the subjects. It has high reliability and reproducibility (0.84) for women [21] . The IAT was used for evaluating the agility of the subjects which is performed in different directions and angles. This test was measured using cones and a chronometer [20] . According to Pauole et al.
[21] and Roozen [22] , this test had acceptable validity and reproducibility for both men and women.
In this research, we used the plyometric training protocol of de Marche Baldon et al. [11] for 8 weeks in 24 sessions (Table 1) . Before the beginning of training, a warm-up program including slow jogging and stretching was performed for 5 min. The subjects were also informed about doing the tasks.
Data analysis was conducted in SPSS V. 20. The Shapiro-Wilk test was used to assess the normality of data distribution. Moreover, the Independent t test was used for comparing demographic factors, and ANCOVA for comparing the overall, anterior, posterolateral, and posteromedial stability indices of dynamic balance (right and left leg) as well as the VJT and IAT scores between groups at a significance level of P<0.05.
Results
The normality of data distribution was tested by the Shapiro-Wilk test and the homogeneity of variances by Levene's test. According to the results, the variables of age, height, weight, body mass index (BMI), dynamic balance score and motor function had a normal distribution, and there was no significant difference between groups in terms of these variables at the pre-test phase (P>0.05). Table 2 presents the mean and standard deviation of demographic characteristics for participants in both groups.
According to the t test results shown in Table 3 
Discussion
According to our study results, the overall, anterior, posterolateral and posteromedial stability indices of right and left leg, as well as the VJT and IAT scores, showed significant differences in the female athletes with DKV after 8-week plyometric training. One of the possible reasons for the improvement in their balance after plyometric training is the increase in exercise pressure by this training which is created by facilitating and synchronizing the large and fast-twitch motor units [23] , stimulation of muscle spindles [24] , reduction of Golgi tendon organs' inhibitory effect, and the increase in the coordination of muscles involved in co-contraction activities [25, 26] .
By stimulating the muscle spindles, muscle contraction increases the activity of gamma efferent nerves existing in the spindles; this increased sensitivity improves joint position sense which has a significant impact on the joint control [24] . Moreover, by the challenges created in the proprioceptive receptors of lower limbs, dynamic balance is improved after performing plyometric training. This improvement can be due to the changes in the feedback of the muscle receptors which leads to the reorganization of the central nervous system and sensorimotor integration, and eventually, the change in the motor response [27] .
The results of our study regarding the increased dynamic balance after plyometric training are consistent with the findings of Arazi [28] on the effects of high-intensity plyometric training on dynamic balance and agility of young male basketball players, but are against the results of Mahieu et al. [29] who compared the effect of whole-body vibration and resistance training on postural control. This consistency and inconsistency in results may be because of similarities or differences between types, intensity, and duration of exercises and individual characteristics of the samples.
Chimera et al. reported that the improvement of performance after plyometric training was more because of neural adaptations, rather than of morphologic changes [5] . The main reason for the use of plyometric training is the need for faster activation of motor units for more suitable neuromuscular adaptations [30] . Hence, the effect of plyometric training is because of neuromuscular adaptation to motor unit recruitment or discharge frequency, increased feedback potential or changes in the elastic properties of muscles and connective tissue [13] .
In this regard, de Marche Baldon et al. conducted a study to evaluate the effect of plyometric training on lower limb biomechanics of 36 female athletes in two groups for 8 weeks [11] . Their results showed that plyometric training reduces knee abduction and hip adduction. Colclough et al. examined the effects of a 4-week jump training on frontal-plane projection angle in female gymnasts during single-leg landing [31] .
Their results showed that doing these exercises significantly reduced frontal-plane projection angle. They suggested that jump training should be added as a part of warm-up exercises for athletes with knee injuries. Their study subjects were healthy people without DKV. Also, our results showed a significant increase in vertical and lateral jump scores after plyometric training. Verma et al. also reported a significant increase in vertical jump height of basketball players after plyometric training [32] . McCormick et al. studied the effects of plyometrics in frontal and sagittal planes on change-ofdirection speed and power in female basketball players and reported its positive effects [33] .
Myer et al. compared the effects of 8-week plyometric training and balance training on the strength and balance of 19 high-school female athletes [34] . Their results showed an increase in power and vertical jumps in both groups. In confirming these results, it can be said that jump physiologically is a plyometric movement and requires the production of explosive power, and since these exercises are repeating, they can affect the vertical jump results [35] .
In another study, it was also reported that plyometric training could improve jumping performance of adolescent male and female athletes [5, 36] . This training, by lateral to medial shift in tibiofemoral force due to an increase in gluteal force, can reduce valgus loading. This decrease, in turn, can help prevent injuries caused by abnormal knee loading [37] . Since in the exercises that somehow cause contraction with high intensity and speed, the pressure on the muscles is maximum, neuromuscular adaptation changes the mobilization pattern of motor units and cause them to act at the same time [38] .
Therefore, plyometric training is superior to other exercises with respect to the neuromuscular adaptations [39] . The limitations of this study were the use of observation technique to identify individuals with DKV, the amount of everyday activities of the subjects, and the motivational level of participants during the study. For future studies, it is recommended that video analysis be used to identify individuals with DKV among samples.
The use of special and suitable training methods for every sport is one of the most effective and commonly used methods to increase the performance of competitive athletes. Among these methods, the use of special exercises such as plyometric training, has drawn the attention of researchers as an appropriate tool for improving motor and functional performance. The athletes with DKV are more prone to injury than other athletes. Hence, it is recommended that they use this training. 
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